Intellectual developmental disorders (IDD), characterized by significant impairment of cognitive functions, with limitations of learning, adaptive behavior and skills, are frequent (2.5% of the population affected) and present with significant co-morbidity. The burden of IDD, in terms of emotional suffering and associated health care costs, is significant; prevention and treatment therefore are important. A systematic literature review, updated in 2013, identified 89 inborn errors of metabolism (IEMs), which present with IDD as prominent feature and are amenable to causal therapy. Therapeutic effects include improvement and/or stabilization of psychomotor/ cognitive development, behavior/psychiatric disturbances, seizures, neurologic and systemic manifestations. The levels of available evidence for the various treatments range from Level 1b, c (n = 5); Level 2a, b, c (n = 14); Level 4 (n = 53), and Levels 4-5 (n = 27). For a target audience comprising clinical and biochemical geneticists, child neurologists and developmental pediatricians, five experts translated....this data into a 2-tiered diagnostic algorithm: The first tier comprises metabolic "screening" tests in urine and blood, which are relatively accessible, affordable, less invasive, and have the potential to identify 60% of all treatable IEMs. The second tier investigations for the remaining disorders are ordered based on individual clinical signs and symptoms. This algorithm is supported by an App www.treatable-id.org, which comprises up-to-date information on all 89 IEMs, relevant diagnostic tests, therapies and a search function based on signs and symptoms. These recommendations support the clinician in early identification of treatable IEMs in the child with IDD, allowing for timely initiation of therapy with the potential to improve neurodevelopmental outcomes. The need for future studies to determine yield and usefulness of these recommendations, with subsequent updates and improvements to developments in the field, is outlined.
In 2011, the World Health Organization International Classification of Diseases (ICD) Working Group on the Classification of Intellectual Disabilities proposed the term intellectual developmental disorders (IDD) to encompass a group of developmental conditions characterized by significant impairment of cognitive functions associated with limitations of learning, adaptive behavior and life skills [1] . IDD comprises both 'Intellectual Disability' (defined as an IQ of b70, at age 5 years or older) [2, 3] and 'Global Developmental Delay' (term used at age b 5 years, defined as deficits in 2 or more developmental domains, e.g., fine/gross motor skills, speech and interaction) [4] ; IDD is further defined as existing over the course of an individual's life span, requiring consideration of ongoing developmental stages and life transitions. Additionally, it is frequently associated with behavioral problems (autistic features, hyperactivity, aggressive and self-injurious behaviors), as well as neurological symptoms such as epilepsy [5, 6] . In the present article we apply the term IDD to both intellectual disability and global developmental delay.
IDD etiology and diagnostic approach
Affecting 2-3% of children and adults worldwide, IDD is common and associated with the highest life-time health care and economic costs of any disease-nearly equaling the economic impact of stroke, heart disease and cancer combined [7] . The etiology of IDD is diverse and has been conceptualized by the ICD Working Group as a 'metasyndromic' health condition with infectious, traumatic and toxic origins. However, genetic etiologies represent the most frequent cause of IDD [8, 9] , and range from numeric and structural chromosomal abnormalities and submicroscopic rearrangements, to methylation abnormalities and single gene defects [10, 11] .
Presently, recommendations aimed at structuring the evaluation of genetic causes of IDD are based on the frequencies of single conditions and yield of diagnostic methods and procedures [12] . Consequently, karyotyping and array-comparative genomic hybridization are standard practice as part of the first-line investigation and yield a causal diagnosis in up to 20% of cases [13, 14] . Such diagnoses provide opportunities for better genetic counseling for the family, modified management strategies and targeted screening for medical complications (e.g. congenital heart disease and tumors) with significant impact on quality and quantity of life in the affected child [15, 16] . However, for most of the conditions identified by these investigations, medical intervention targeting the underlying defect and/or pathogenesis is not currently available. Therefore, treatment is symptomatic rather than causal and, while essential, in most cases the therapeutic benefits are limited.
Treatable inborn errors of metabolism and IDD
Inborn errors of metabolism (IEMs) are uniquely amenable to beneficial causal treatment, defined as a medical intervention targeting the underlying defect and/or pathogenesis. Treatments include dietary restriction/supplement, co-factor/-enzyme, vitamin, substrate inhibition, (small molecule) substrate reduction, enzyme replacement, bone marrow and hematopoietic stem cell transplant, and gene therapy (see Table 1 for definitions). Several reviews have been published regarding the metabolic causes of IDD, most of which are based on individual expertise in the field of IEMs [17] [18] [19] . Further, while technologies for better recognition have been introduced into clinical practice, these have yet to be incorporated into diagnostic practice recommendations or parameters for the evaluation of children with IDD, such as those of the American College of Medical Genetics (1997) [20] , the American Academy of Pediatrics (2006) [21] , and the American Academy of Neurology (2011) [22] .
The target audience of this article includes developmental pediatricians, biochemical and clinical geneticists and neurologists, i.e. all specialists who are faced with the important and often difficult challenge of timely, accurate and expeditious diagnoses of treatable IEMs associated with IDD in children and adolescents. What is especially important in this challenge is that the identification of these conditions is the necessary precondition to the implementation of specific therapeutic interventions known to improve outcomes. The recommendations outlined herein represent an international collaborative effort that integrates available evidence and expert opinion into a two-tiered algorithm supported by a digital application. The recommendations are designed to aid the pediatric specialist in the evaluation of children with IDD. Clinical skills and differential diagnosis based on the specific patient presentation remain paramount in this process, especially as the evaluation of usefulness and yield of the algorithm are pending.
Systematic literature review for treatable inborn errors of metabolism
The authors (CvK, SS) performed a literature review, following the Cochrane Collaboration methodology (http://www.cochrane.org/ training/cochrane-handbook) as closely as possible, to identify all IEMs for which a particular therapeutic modality exists and can prevent or improve the IDD phenotype, or halt/slow neurocognitive decline (with acceptable side-effects), i.e. positively influence 'outcome measures' [23] . Subsequently, the clinical and diagnostic recognition patterns were characterized, as were treatment modalities pertinent to the identified IEMs. An attempt was made to assess the level of available evidence and effect of the various treatments on clinical outcome measures. As this literature review forms the basis of the current recommendations, we provide a summary of the relevant results.
Treatable IEMs in the year 2011 and updated in the year 2013
Applying the above criteria in 2011, we identified 81 treatable IEMs causing ID, which are listed in Table 2a including MIM number, biochemical deficiency and corresponding gene(s). Since then, 8 novel treatable IEMs have been reported which meet the criteria, and thus were added to the list: dihydrofolate reductase deficiency (oral folinic acid supplements) [24] , VMAT2 deficiency (dopamine agonists) [25] , SC4MOL deficiency (oral cholesterol supplements) [26] , Brown-Vialetto-Van Laere/Fazio Londe (BVVL/FL) syndromes (oral riboflavin) [27] , Lesch-Nyhan syndrome (hematopoietic stem cell transplantation) [28] , carbonic anhydrase VA deficiency (Carglumic acid, sick day formula) [29] , HMPDC (hypermanganesemia with dystonia, polycythemia, and cirrhosis) syndrome (chelation therapy) [30] , and MEDNIK (mental retardation, enteropathy, deafness, neuropathy, ichthyosis, keratodermia) syndrome (zinc acetate) [31] .
These 89 disorders include disorders of amino acids (n = 12); cholesterol and bile acids (n = 3); creatine (n = 3); fatty aldehydes (n = 1); glucose homeostasis and transport (n = 2); hyperhomocysteinemia (n = 7); lysosomes (n = 12); metals (n = 5); mitochondria (n = 2); neurotransmission (n = 8); organic acids (n = 19); peroxisomes (n = 1); purines and pyrimidines (n = 3); urea cycle (n = 8); and vitamins/co-factors (n = 10). Although amenable to treatment, fatty acid oxidation disorders are not included in our list because of their clinical presentation, which is a metabolic crisis with hypoglycemia (and subsequent neurologic sequelae) rather than unexplained IDD. These conditions will not be missed by this protocol however, as the acylcarnitine profile is included as first tier test.
Clinical features
Nearly all of these conditions are associated with additional neurological and/or non-neurological features. Neurologic features include ataxia, behavioral disturbance, dementia, dystonia, encephalopathic crisis, epilepsy, hearing loss, hypotonia/myopathy, neuro-imaging abnormalities (basal ganglia, cerebellum, cerebrum, cysts/dysgenesis, white matter, mixed), neuropathy, ocular movement abnormality, psychiatric disturbance, sensorineural hearing loss, spasticity, stroke, and vision loss. All IEMs except one (Tyrosinemia type II) are associated with at least one additional prominent neurologic feature, of which the most frequent are epilepsy and various types and degrees of movement disorders (e.g. spasticity, dyskinesia and ataxia). However, many of these conditions can present with IDD as sole feature for a considerable time prior to manifestation of the full phenotype (e.g. disorders of creatine synthesis and transport).
The non-neurologic features affect the following anatomic/organ systems: bones and joints; dermatology; endocrinology; eye; facial dysmorphism; growth and stature; heart; gastrointestinal; hematology; immunology; kidney; liver; and odor. For 57 of the 89 (64%) treatable IEMs, a non-neurologic feature is a prominent part of the phenotype.
Diagnostic testing
54 of the 89 disorders (60%) are identified by metabolic screening tests in blood (plasma amino acids, homocysteine, copper, ceruloplasmin) and urine (creatine metabolites, glycosaminoglycans, oligosaccharides, organic acids, pyrimidines). For the remaining 35 disorders (40%) Global developmental delay (DD): applied to age b 5 years; significant delay (defined as performance 2 standard deviations or more below the mean on age-appropriate, standardized norm-referenced testing) in 2 or more of developmental domains including gross/fine motor skills, speech/language, cognition, social/personal, and activities of daily living [2] . Intellectual developmental disorders (IDD) [1] : a group of developmental conditions characterized by significant impairment of cognitive functions, which are associated with limitations of learning, adaptive behavior and skills. Main descriptors • IDD is characterized by a marked impairment of core cognitive functions necessary for the development of knowledge, reasoning, and symbolic representation of the level expected of one's age peers, and cultural and community environment. Nevertheless, very different patterns of cognitive impairments appear for particular conditions of IDD. • In general, persons with IDD have difficulties with verbal comprehension, perceptual reasoning, working memory and processing speed. • The cognitive impairment in persons with IDD is associated with difficulties in different domains of learning, including academic and practical knowledge. • Persons with IDD typically manifest difficulties in adaptive behavior; that is, meeting the demands of daily life expected for one's age peers, cultural, and community environment. These difficulties include limitations in relevant conceptual, social, and practical skills. • Persons with IDD often have difficulties in managing their behavior, emotions, and interpersonal relationships, and maintaining motivation in the learning process. • IDD is a life span condition requiring consideration of developmental stages and life transitions. Intellectual disability (ID): applied to age ≥5 years and manifesting before age 18 years, historically referred to as 'mental retardation'; intellectual functioning level (IQ) less than 70-75 and significant limitations in two or more adaptive skills [1, 5] . Inborn error of metabolism (IEM): genetic disease involving a disorder of metabolism with confirmation based on the internationally accepted diagnostic test(s) for that IEM (gene mutations, enzyme deficiency, or specific biochemical marker). This term excludes endocrine disorders such as hypothyroidism and hyperinsulinism. Case-series/report; Level 5 = Expert opinion without critical appraisal; based on physiology, bench research or first principles. Standard of care: A formal treatment process a physician will follow for a patient with a specific illness, which experts generally accept as 'best clinical practice'. Individual patient basis: Decision to start specific treatment depends on patient characteristics (i.e. disease stage), physician's opinion, availability of treatment, and potential side-effects.
specific tests are required including primary molecular analysis (Tables 2a and 2b ).
Causal treatments
The therapeutic modalities available for these IEMs include: "sickday" management; diet; co-factor/vitamin supplements; substrate inhibition; stem cell transplant; and gene therapy. Therapeutic effects include improvement and/or stabilization of psychomotor/cognitive development; behavior/psychiatric disturbances; seizures; and neurologic and systemic manifestations. The levels of available evidence for the effect of various treatments vary from Level 1b, c (n = 5); Level 2a, b, c (n = 14); Level 4 (n = 53), to Levels 4-5 (n = 27) [32] . In clinical practice more than 60% of treatments with evidence Levels 4-5 are internationally accepted as 'standard of care'. This situation, with limited evidence levels guiding clinical practice, is inherent to rare diseases with small numbers, clinical heterogeneity and outcomes requiring long-term follow-up, which impede clinical trials and generation of solid evidence [23] .
Diagnostic recommendation for the identification of treatable causes of IDD
Despite the limited evidence for treatment effects of the majority of these rare IEMs, the authors agreed it worthwhile to develop the current recommendation to aid clinicians in the identification of treatable IEMs in children presenting with IDD of unknown cause. In addition to the systematic review of the literature described above, we used the consensus expert opinion generated via meetings with 6 investigators, including experts in the field of treatable IEMs and neurometabolic diseases (SS); evidence-based medicine in rare diseases and IDD (CvK); medical genetics and IEMs (JZ); medical genetics and IDD (JM); and pediatric neurology and global developmental delay/IDD (MS).
The algorithm
Our recommendation is depicted in Fig. 1 , and comprises 2 tiers; it is based on a combination of evidence and clinical expertise and aims to support pediatric specialists by providing a structured approach to the identification of treatable IEMs in IDD of unknown cause.
The categorization of investigations required for reliable diagnosis of the 89 IEMs into the first tier (biochemical only) or second tier (biochemical and/or molecular) was based on availability, affordability, yield and invasiveness. All tests in the first tier are provided by most biochemical genetics laboratories in the academic setting for reasonable prices, and have the potential to identify 3 or more IEMs. Although cerebrospinal (CSF) analyses meet these criteria, these were not included into first tier given the invasiveness of the lumbar puncture (+/−sedation). The second tier is mostly a 'single test per single disease' approach, directed by signs and symptoms and based on a clinical hypothesis.
First tier investigations
First tier investigations for treatable IDD (Table 2a ) include the following, which can be collected at one time to reduce the burden of repeated (invasive) investigations on the patient: serum lactate; serum ammonia; serum copper; serum ceruloplasmin; plasma total homocysteine; plasma amino-acids, and bloodspot quantitative acylcarnitine profile (in blood); and creatine metabolites; purines and pyrimidines; organic acids; oligosaccharides; and glycosaminoglycans (in urine).
As a group, the first tier screening tests can identify 60% of all potentially treatable IEMs. First tier tests are generally accessible and offered by most biochemical genetics laboratories around the world with reasonable turn-around times and affordable prices. Each of these screening tests has the potential to specifically identify treatable IEMs, which is then often confirmed via molecular and/or enzymatic analysis. Some IEMs are diagnosed by a combination of first tier tests, e.g. inborn errors of Cobalamin metabolism (urine organic acids, plasma total homocysteine). Results of the acylcarnitine profile are often supportive rather than primarily indicative of the 89 treatable IEMs on our list. For example, the organic acid profile is the primary indicator for proprionic acidemia (3-OH-proprionic acid), while the acylcarnitine profile further supports this diagnosis showing elevations of C2 and C3, which is also the case in methylmalonic acidemia. In the BVVL/FL syndrome, some but not all patients showed abnormal acylcarnitine profiles (and/or plasma flavin level), thus, on its own, this test is not sufficiently reliable, requiring molecular analysis for diagnosis [27] .
Practical considerations
The set of the first tier tests exceeds usual practice in the clinical setting [19, 33] ; if the physician wishes to cast as broad a net as possible it is recommended that all these tests are done. Performing the urinary tests requires particular attention. Whereas usual screening for IEMs comprise organic acid analysis only, screening for treatable IEMs requires additional tests for urine creatine metabolites (urine creatine: creatinine ratio and guanidine-acetate:creatinine ratio), purines and pyrimidines.
A more focused approach can also be taken with the caveat that milder forms of IEMs can present with unspecific phenotypes and potentially be missed. The tiers can be adapted to local circumstances and/or practice. For example in British Columbia, our hospital laboratory's capacity for the urine oligo-and mucopolysaccharides tests are limited; therefore these are not ordered as first screening tier tests, but rather based on suggestive signs and symptoms only, thus as second tier only.
Samples for plasma amino acids and total homocysteine should not be obtained in the post-prandial period but rather after 4-8 h fasting (e.g. in the morning), and should be processed without delay. When ordering these tests, the clinician should take into account the risks of fasting in the particular patient, especially in the infant and young child. Results should be compared with appropriate age-related control values, taking nutritional status into consideration.
Careful interpretation of results is crucial. Findings might be subtle in attenuated disease variants. For example, females with OTC deficiency do not always have high ammonia; low citrulline and elevated glutamine in plasma along with orotic aciduria would be more consistent findings [34] . Although in the interpretation of laboratory results the focus is mostly on values above the normal range, care should be taken not to miss pathognomonic decreases, e.g. in plasma serine concentrations which may indicate one of the serine deficiency disorders. Low urinary creatinine levels are usually considered to be due to diluted urine, but could also result from inborn errors of creatine synthesis (GAMT and AGAT deficiency).
It must be acknowledged that for the 89 IEMs the sensitivity and specificity of each of the listed first and second tier tests varies; for further information we refer to the "Laboratory Guide to methods in biochemical genetics" [35] and other similar resources.
Second tier investigations
For the remaining 29 IEMs that are not ruled out with the first tier testing as indicated above, specific investigations are necessary. Mostly this is a 'single test per disease' approach, but some tests such as neurotransmitter analysis in cerebrospinal fluid (CSF) have the potential to identify multiple (up to 7) treatable IDDs. An overview of these specific investigations is provided in Table 2b .
Those conditions for which mutation analysis might serve as the primary specific test, because a biochemical marker is unavailable or unreliable and/or the test requires an invasive procedure, are listed in Table 3 .
In practice, the clinician might combine the first tier tests with investigations for those genetic conditions, which do not classify as IEMs (e.g. chromosomal micro-array to detect copy number variants) and one or more specific tests of the second tier, as appropriate, based on the observed clinical phenotype of the patient. The clinical judgment of the medical or biochemical geneticist is particularly important regarding the differential diagnosis and the design of the patientspecific testing strategy. Table 4 provides an overview of symptomatology that could indicate a specific (set of) investigation(s) to test for particular treatable IDD(s) with fitting phenotype(s).
Resources

New online resource
Van Karnebeek et al, have developed a resource App (freely accessible as a digital App via www.treatable-id.org as well as a native App via the App store), accepted by the rare disease community with a publication in a peer-reviewed journal [40] . The App targets the clinical specialist and supports both tiers of the algorithm and also functions as an information portal on these rare diseases and their treatments. It does not replace a careful clinical evaluation but supports the clinician in defining a differential diagnosis focused on treatable conditions. Treatable IEMs are presented according to biochemical categories; neurologic and non-neurologic signs and symptoms; diagnostic investigations; therapies and effects on primary (IQ/developmental quotient) and secondary outcomes; and available evidence. A 'Disease Page' is provided for each condition with an information portal comprising an overview of all signs and symptoms; a figure showing the effected biochemical pathway; information on available diagnostic tests; and causal therapies. In addition, each page contains numerous linked online Fig. 1 . Two-tiered algorithm for diagnosis of treatable IEMs in IDD. The first tier testing comprises group metabolic tests in urine and blood which should be performed in every patient with IDD of unknown cause. Based on the differential diagnosis generated by the patient's signs and symptoms, the second tier test is ordered individually at a low threshold.
resources, listed below as well as online abstracts of journal articles, clinical trials, and patient resource websites.
The App provides search capabilities using specific combinations of signs and symptoms, enabling the specialist to refine the differential diagnosis. The App displays a dichotomy: those identifiable by first tier tests (white background) versus those requiring a specific test (green background; second tier). Thus the clinician can immediately discard the IEM with the white background from the differential diagnosis, provided first tier testing was negative. The data on clinical disease features were synthesized based on data extracted from diverse textbooks and online resources [36] [37] [38] [39] and combined with the authors' personal experience and expertise, if required. The App lists the main clinical presentation of each disease, i.e. the most characteristic, specific and consistent neurologic signs and symptoms. Cautioned use is required, as the absence or presence of signs and/or symptoms in the App does not in any way rule out the specific disorder in a patient. Further, these data are subject to change as new diagnostic techniques provide novel insights into the spectrum of phenotypic presentations and the natural history of metabolic diseases.
Other resources
Diverse textbooks and online resources provide valuable information on IEMs, including but not limited to: Scriver et al. [36] , Valle et al. [37] , Zschocke et al. [38] , Fernandes et al. [39] , Orphanet (www.orpha.net), OMIM (http://www.ncbi.nlm.nih.gov/omim), Gene Reviews http:// www.ncbi.nlm.nih.gov/sites/GeneTests), Online Metabolic and Molecular Bases of Inherited Disease (www.ommbid.org), Gene Cards (www. genecards.org), and Pubmed (www.ncbi.nlm.nih.gov/pubmed).
Using this recommendation for metabolic diagnostic evaluation in practice
General considerations
These recommendations are based on the current best evidence and offer the expert clinician a set of tests to consider when evaluating the child or adolescent with IDD for a treatable IEM. The literature does not address the clinical utility of each individual test discussed in this paper, nor does it address the entire "set" of tests contained in Tier 1. The papers of Engbers et al. and Papavasiliou et al. are cited as two efforts to address the complex problem of identifying treatable IEMs in a series of patients with IDD: however, a larger study systematically implementing the recommended tests for IEMs is necessary to answer the essential questions of clinical utility, costs and treatment outcomes. Such a study is currently in progress in BC Children's Hospital, Vancouver Canada. It might also be noted that not all expert clinicians consulting for children with IDD are trained in biochemical genetics nor consider themselves expert in detecting all clinical signs and symptoms of potential IEMs. This paper offers recommendations for such clinicians, particularly those who might be remotely located. For the approach to treatable IEMs in adults presenting with neurologic symptoms, the reader is referred to the publication by Sirrs et al. [41] .
These recommendations are not meant to function in a stand-alone capacity, but rather can be superimposed on the 2011 American Academy of Neurology practice parameters [22] , which advises diagnostic tests according to their yield: chromosome micro-array; Fragile X (FMR1 gene) testing; Rett syndrome; MRI/spectroscopy brain; electroencephalography (EEG) and other neurophysiologic tests; and thyroid function (TSH). Thorough concurrent audiologic and ophthalmologic screening should be used to rule out remediable primary sensory deficits in every patient presenting with IDD.
Yield
While the incidence of the individual 89 conditions is low in the general population, ranging from 1:10,000 to less than 1:200,000 [42] , their collective frequency in the population at risk (i.e. those with IDD) may be higher. Current evidence in the literature suggests low yield of metabolic testing (0.8-2.5%). However in the year 2013 a comprehensive metabolic evaluation as suggested here has not been reported for larger groups of IDD patients [12] . There are several studies which do suggest a higher yield of metabolic testing in the tertiary care setting. For example, Engbers et al. [43] , using a multidisciplinary approach, identified IEMs in nearly 3% (n = 12) of 433 individuals with IDD despite 'normal initial metabolic studies before referral'; IEMs comprised 20% of all [33] reported the results of individualized investigations based on clinical and neuro-radiologic findings in a highly selected group of children with IDD; IEMs were identified in 13.6% (n = 16). Several reviews have been published concerning metabolic causes of IDD, most of which reflect expert opinions and individual expertise in the field of IEMs [14, 17, 18] . The need for multiple tests to exclude a few rare to ultra-rare conditions and the limited availability of laboratories offering comprehensive diagnostic testing, explain why outside highly specialized centers, metabolic work-up of patients with IDD is time-consuming, expensive and often remains incomplete. Because of all these limitations, the diagnostic yield of metabolic testing has been incomplete, varies per publication and is reportedly low in patients presenting with IDD. However, diagnostic standardization through use of the current recommendation could foster greater awareness of otherwise unrecognized causally treatable conditions. While the rate of positive findings may remain relatively lower than, for example CMA testing, the treatment effect is greater with inherent improvement in outcomes.
Newborn screening
Normal newborn screening results in a patient with IDD of unknown origin should not be interpreted such that all treatable IEMs have been ruled out. Newborn screening panels target only a minority of treatable IEMs even in countries with a very high number of targets, such as the USA, and some children may have been born in countries that do not perform newborn screening. Even for those IEMs included in many newborn screening programs, such as classic organic acidemias and urea cycle defects, 'late-onset' phenotypic variants constituting treatable IDDs can be missed, as newborn screening may not be sensitive and specific enough to safely detect such disease-variants [44] . Therefore, it is prudent to verify the results whenever possible. The disorders included in the specific regional newborn screening panels are often available online (http://genes-r-us.uthscsa.edu). Thus, although newborn screening is not a substitute for the first tier testing, and completion of all the listed investigations is advised, locally available resources and practices may prioritize certain first tier tests above others. For example, urine creatine metabolites is almost always indicated as these IEMs are not included in panels except for a few scattered pilot studies screening for GAMT deficiency (e.g. ongoing in BC Children's Hospital) [45] .
Treatable IEMs as a cause of unspecific IDD
The majority of the 89 treatable IEMs present with more multiple co-morbidities including epilepsy, neurologic symptoms and signs, and behavioral and psychiatric disturbances. Systemic manifestations occur in 70% of conditions [23] . However, the clinical spectrum of treatable IDD is variable and the absence of co-morbidities does not exclude the presence of a treatable IDD. Rather, the clinical picture is determined by the state of disease progression and by particular disease variants. For example, progressive neurologic decline is characteristic of advanced stages of X-linked adrenoleukodystrophy; subtle loss of cognitive functions accompanied by behavioral disturbances is often the first manifestation. Recognition of the diagnosis at this early disease stage opens a unique window of opportunity for causal treatment with stem cell transplantation, which is not effective at a later stage in the disease course [46] . While clinical co-morbidities are traditionally considered characteristic of metabolic causes of IDD, the absence of such co-morbidities does not exclude them. The same is true for neuro-degeneration, as many of the 89 treatable IEMs present with 'stable IDD', i.e., without a history of regression or plateauing. 5.5. 'Late-onset' or atypical variants of conditions 'Late-onset' or atypical variants of conditions typically presenting as acute metabolic decompensation in the neonatal period deserve special attention. While patients with acute metabolic crisis are diagnosed before they are assessed for IDD, the clinical presentation of the attenuated or 'late-onset' forms of these conditions is often unspecific and chronic in nature. For example, OTC deficiency in males typically manifests with severe neonatal hyperammonemia and outcomes are extremely poor in affected males. However, females with heterozygous OTC deficiency often present with IDD and/or behavioral problems as the only manifestation(s) [34] . Timely recognition of the underlying metabolic defect that enables appropriate treatment to control blood ammonia levels not only helps to prevent acute hyperammonic crises at a later stage of life but also improves cognitive function and behavior.
Primary gene analysis
Primary gene analysis can enhance the diagnostic yield in conditions with unspecific clinical and biochemical presentation. For example, low urinary excretion of guanidinoacetate is characteristic of AGAT deficiency, a treatable disorder of creatine synthesis, but the detection of low levels continues to pose an analytical challenge in the laboratory, as currently available methods mainly detect extreme elevations of accumulating metabolites. The traditional diagnostic approach to Niemann-Pick Disease Type C (NPC) requires demonstration of free cholesterol via filipin staining in cultivated skin fibroblasts. This test is invasive, time-and cost-consuming, available in a limited number of laboratories worldwide, and is not always sensitive. Recent recommendations added primary NPC1 and NPC2 gene sequencing as an alternative diagnostic strategy [47] . High-throughput sequencing technologies may be considered as an alternative diagnostic approach as they facilitate analysis of multiple genes in one sample in a cost-effective manner, although interpretation of previously unreported variants may be challenging. Determination of oxysterols in plasma is a promising, novel approach for low threshold screening for NPC [48] .
Costs
An overview of the costs of the individual chemistry and metabolic/ biochemical tests, based on the costs at one Canadian academic center (Vancouver), is provided in Table 5 . The total cost is $527.97 (CAD), which is reasonable in comparison with individual tests (molecular analysis of a single gene often exceeds $500) and future cost-savings, if a child can be treated in a timely way to reach his full potential and participate in society. These costs are likely comparable to those provided by other international academic centers, yet far exceeded by commercial companies. 
